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Breeding for d i sease and pest 
resistance in pearl millet 
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S u m m a r y . The present status of the control of biological agents caus-
ing yield losses in pearl millet is reviewed. The possibilities of control-
ling diseases, insect pests, weeds and grain-eating birds by breeding cul-
tivars with durable resistance are discussed. In future breeding research 
in this crop, areas needing to be emphasized include: evaluation of the 
nature and inheritance of disease resistance; development of strategies 
to increase the durability of resistance to diseases; investigations into 
the possibility of using complex multiple barriers to disease pathogens; 
additional survey work and the development and use of effective 
screening techniques for insect pests; evaluation of integrated control 
strategies against insects; development and use of screening techniques 
to identify and develop cultivars resistant to witchweed; and investiga-
tion of cultural practices and breeding techniques to control shibra in 
Sahelian Africa. 
Pear l millet , Pennisetum americanum (L . ) L e e k e (syn. Pen-
nisetum typhoides (Burm. ) Stapf. and H u b b . ) , is the s tap le 
cereal of m a n y millions of the wor ld ' s poores t p e o p l e in the 
semi-ar id regions of tropical and subtropical deve lop ing 
countr ies in Asia and Africa. In Ind ia , about 14 million ha of 
pear l millet are cult ivated annual ly , primari ly in the n o r t h e r n 
and western s tates of Ra jas than , M a h a r a s h t r a , Gu ja r a t , 
U t t a r P radesh and H a r y a n a ( abou t 87 percent of the na t iona l 
t o t a l ) , wi th i m p o r t a n t p roduc t ion a reas also in A n d h r a 
P r a d e s h , K a r n a t a k a and Tami l N a d u in the sou th (see T a b l e 
1 and Fig. 1) . In Afr ica , the pear l millet c rop is of m o s t 
impor t ance in t h e Sahe l , wi th each of the seven c o u n t r i e s in 
this region growing abou t o n e million ha or m o r e of pear l 
millet annual ly and collectively growing about 14 million ha 
each year (see T a b l e 2 and Fig. 2 ) . O t h e r i m p o r t a n t p e a r l 
mil let-growing reg ions occur in eas te rn and sou the rn Afr ica , 
though in these regions o the r mil lets , such as f inger mil le t 
(Eleusine coracana G a e r t n . ) , con t r ibu te significantly to t h e 
F A O p roduc t ion da t a general ly listed unde r t h e h e a d i n g o f 
"mil le t" ( F A O , 1981). 
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In Afr ican count r ies a n d in I n d i a , the 
na t ional a v e r a g e gra in yields of pea r l mil le t a r e 
genera l ly in t h e low r a n g e o f 400-600 kg p e r ha 
( F A O , 1981) , a n d in s o m e Afr ican count r ies 
whe re pea r l mil le t is a major c rop t h e ave rage 
yield i s less t h a n 400 kg p e r ha (see T a b l e 2 ) . On 
expe r imen t s t a t ions , h o w e v e r , yields of 2-3 
tonnes pe r ha a re regularly repor ted ( I C R I S A T , 
1976, 1977, 1978, 1981), and u n d o u b t e d l y m a n y 
fa rmers occasional ly achieve yields in the 1-2 
tonne-per -ha r a n g e with tradit ional variet ies 
when condi t ions a r e highly favourable for the 
crop in a pa r t i cu la r season. 
T h e basic object ive of the Pear l Millet 
I m p r o v e m e n t P r o g r a m m e be ing carr ied out a t 
the In t e rna t iona l C r o p s R e s e a r c h Ins t i tu te for 
the Semi -Ar id T r o p i c s ( I C R I S A T ) i s t o 
deve lop t echno logy t h a t will u l t imate ly e n a b l e 
fa rmers in the semi-ar id t ropics to ach ieve 
higher yields m o r e consis tent ly from thei r pea r l 
millet c rops . T h e first s t e p in this process h a s to 
be identif ication of t h e major const ra in ts on 
increased p r o d u c t i o n , fol lowed by t h e deve lop-
ment of effective and acceptab le measures to 
reduce o r e l imina te t h o s e const ra ints . F o r pear l 
millet in the semi-ar id t ropics , the abiotic 
envi ronmenta l factors of mois ture stress and 
low fertility a r e u n d o u b t e d l y major cont r ibu-
tory-factors to low grain p roduc t ion , toge the r 
with the biotic fac tors of diseases , insect pes t s , 
parasitic and non-pa ras i t i c weeds and the in-
herent low p r o d u c t i v e capaci ty of some tradi-
tional cul t ivars . F o r the i m p r o v e m e n t o f pea r l 
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Source: lndian Agricultural Statistics, 1973-74 
1 Union Territory 
Figure 1, Reported area planted to pearl millet in southern 
Asia in 1978 (one dot equals 20 000 ha) 
mil le t p r o d u c t i o n all these factors need a t ten-
t ion a n d the i r interactions with sociological, 
e c o n o m i c a n d political factors n e e d to be recog-
nized and dea l t with. This article confines itself 
to d iscuss ing the control of the biotic yield 
r e d u c e r s by breeding cultivars res is tant to dis-
eases a n d pes ts . 
Pear l millet origins, distribution and breeding 
sys tem 
T h i s c r o p a p p e a r s t o have been domes t ica ted 
a l o n g t h e sou the rn margins o f t h e Saharan 
h i g h l a n d s , be tween 3000 and 4000 B C , and 
t o d a y i ts m a i n centre of diversi ty occurs in the 
S a h e l i a n z o n e of Africa b e t w e e n Senega l and 
c e n t r a l S u d a n (Brunken , d e W e t a n d H a r l a n , 
1977) . M i g r a t i o n and t rade caused t h e crop to 
s p r e a d to sou the rn E u r o p e , t h e K i n g d o m of 
S a u d i A r a b i a , eastern and s o u t h e r n Africa and 
t h e I n d i a n subcont inent p robab ly by the begin-
n i n g of t h e Christian era ( R a c h i e and Maj-
m u d a r , 1980) and to the A m e r i c a s p r o b a b l y in 
t h e m i d d l e of the nineteenth c e n t u r y (Ball , 
1903) . S u b c e n t r e s of diversity exist in regions 
w h e r e t h e c r o p has evolved o v e r l o n g pe r iods in 
r e s p o n s e to local selection p r e s s u r e s , e .g. the 
l o n g e r d a y s experienced in n o r t h e r n India . 
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Figure 2. Reported area planted to pearl millet in Africa in 
1978 (one dot equals 20 000 ha) 
Since i n t roduc t ions to t h e A m e r i c a s and 
Aust ra l ia are fairly recent they const i tu te a 
somewhat relat ively na r row genet ic base . 
Pea r l millet is he rmaphrod i t i c , with p ro -
nounced p r o t o g y n y , which produces up to 70-
80 pe rcen t cross-pol l inat ion (Rachie and M a j -
m u d a r , 1980). In its cen t r e of origin and diver-
sity (Sahel ian Af r ica ) i t freely crosses wi th i ts 
wild p rogen i to r s (Pennisetum violaceum and P. 
fallax), p r o d u c i n g t h e mimet ic w e e d sh ibra , 
Which persists in the cul t ivated crop ( B r u n k e n , 
d e W e t a n d H a r l a n , 1977). T h e highly ou tc ross -
sing n a t u r e of the crop has impor tan t implica-
t ions for b r e e d i n g for s tab le d isease res is tance 
and for increased vulnerabil i ty to floral diseases 
in F1 hybr ids . 
In t h e U n i t e d Sta tes and Ind ia , cytogenic 
m a l e sterility has been used to p roduce F1 hy-
br ids ( R a c h i e and M a j m u d a r , 1980). In Ind i a , 
hybr ids have b e e n selected for increased grain 
p roduc t ion a n d a re n o w being grown the re on. 
m o r e t han o n e million ha pe r a n n u m . 
Biotic yield reducers 
D i s e a s e s . M o r e than 50 fungal , bacter ia l and 
viral p a t h o g e n s of pear l millet h a v e been 
r e p o r t e d ( R a m a k r i s h n a n , 1971; Fe r ra r i s , 
1973). H o w e v e r , the pa thogens tha t cause 
major d a m a g e to the c rop are much fewer. 
T h e m o s t impor t an t disease in Afr ica and 
As ia is d o w n y mi ldew, caused by Sclerospora 
graminicola (Sacc . ) Schroet . In I n d i a , this dis-
ease occur red in ep idemic p ropor t i ons in the 
early 1970s and devas ta ted the hybr id c rop , 
which w a s cult ivated on m o r e than o n e million 
ha (Safeeul la , 1977). I t also des t roys m u c h 
p e a r l millet every year in Africa (De lassus , 
1964; K ing and Webs t e r , 1970; J o u a n and 
D e l a s s u s , 1971 ; G i r a r d , 1975; Wi l l i ams , 1984). 
E r g o t , caused by Claviceps fusiformis L o v e -
less, c an inci te seve re disease on hybr id millet 
T A B L E 2 . 1 9 8 0 m i l l e t p r o d u c t i o n d a t a f o r c o u n t r i e s i n A f r i c a w i t h a t l e a s t 0 .1 m i l l i o n h a i n m i l l e t 1 
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N i g e r 
Mal i 
S u d a n 
C h a d 
S e n e g a l 
U p p e r V o l t a 
U g a n d a 




5 . 0 3 
3 . 0 7 
2 1.40 
1.30 
2 1 . 1 5 
2 0 . 9 5 
0 . 9 0 
0 . 5 5 




6 3 6 Z i m b a b w e 
4 4 6 E t h i o p i a 
5 3 6 G h a n a 
3 4 6 U n i t e d R e p . o f T a n z a n i a 
5 2 2 E g y p t 
6 8 4 T o g o 
4 4 4 Z a m b i a 
8 1 8 M a u r i t a n i a 




0 . 3 8 
0 . 2 7 
0 . 2 4 
0 . 2 2 
2 0 . 1 7 
2 0 . 1 7 
0 . 1 3 
2 0 . 1 0 




4 7 4 
7 2 4 
2 7 3 
7 2 7 
3 3 7 3 4 
7 2 4 
4 6 2 
1 9 0 
( 6 6 6 ) 
1 Sourco:FAO(l9B1). FAO Production yearbook 34:106. 2These 'millet' data appear to include sorghum data, as there are no separate sorghum data for these 
countries in the relevant section of the FAO Production Yearbook, In Egypt. Mali, Togo and the Republic of Cameroon the sorghum values are likely to have been 
substantial proportions of the figures given for millet- - 3 T h i s value almost certainly includes yields from Irrigated sorghum-
138 Vol. 31, N. 4, 1983 
in India (Safeeulla, 1977; A r y a and K u m a r , 
1982), part icularly when ra ins occur dur ing the 
flowering pe r iod . It is genera l ly less of a p r o b -
lem in open-pol l ina ted t rad i t iona l cul t ivars . In 
eas tern Africa, h o w e v e r , e rgo t is i m p o r t a n t in 
open-pol l inated var ie t ies and in W e s t Africa i t 
can be devas ta t ing on shor t -du ra t ion , p h o t o -
period-insensi t ive cul t ivars . E r g o t is also 
impor tan t b e c a u s e t h e a lka lo id-conta in ing 
sclerotia of th i s p a t h o g e n c o n t a m i n a t e gra in , 
thus creat ing a hea l th hazard for consumers . 
Smut , caused by Tolyposporium penicillariae 
Bref., can cause ser ious d a m a g e in n o r t h e r n 
India and W e s t Afr ica . As with e rgo t , F1 hy-
brids appear to be m o r e susceptible to smut than 
open-pol l ina ted var ie t ies . 
Of the leaf d i seases , ru s t , caused by Puccinia 
penniseti Z i m m . , is potent ia l ly i m p o r t a n t in 
southern India and eas te rn Africa. Severe ou t -
breaks of blast , c aused by Pyricularia setariae, 
have occasionally b e e n r e p o r t e d in no r the rn 
India. 
Less i m p o r t a n t , a l t hough potent ia l ly d a m a g -
ing, diseases inc lude seed l ing blights (Helmin-
thosporium spp . and Fusarium spp . ) and cer-
tain leaf spo t s , such as zona te leaf spot 
(Gloeocercospora s p . and Dactuliophora elon-
gata Leakey) , curvular ia leaf spot {Curvularia 
penniseti) and c e r c o s p o r a leaf spo t (Cercospora 
fusimaculans A t k . ) ( R a c h i e and Ma jmuda r , 
1980). 
Most of the r e sea rch publ i shed on disease 
resistance in pea r l mil le t has b e e n per formed in 
India, whe re t h e diseases cons idered impor tan t 
enough to w a r r a n t con t ro l t h rough resis tance 
breed ing a r e d o w n y mi ldew, e rgo t and s m u t 
(Williams, S ingh a n d T h a k u r , 1982). D o w n y 
mildew has rece ived mos t a t ten t ion in the pas t 
ten years , with e rgo t a n d smut now following 
close beh ind . T h e s e t h r e e diseases cause signifi-
cant yield losses . W h i l e e rgo t and smut a t tack 
mainly hybr ids , t h e y a lso a t tack variet ies if 
rains a re f r equen t d u r i n g flowering. T h e d a m -
age caused by t h e leaf d iseases i s not usually 
severe and d e p e n d s on t h e stage of crop 
deve lopment . T h e r e is a n e e d for studies on the 
relationships b e t w e e n inc idence and severity of 
the leaf d iseases at va r ious stages of c rop 
deve lopment a n d yie ld r educ t ion . 
Insect pes t s . A b o u t 300 insects have been 
r e p o r t e d to feed on pear l millet in different 
pa r t s o f t h e wor ld (Sha rma , Dav ies and A r o r a , 
1981), b u t t h e n u m b e r that can cause ser ious 
d a m a g e is p r o b a b l y no more than a d o z e n , and 
those causing ser ious damage on a consis tent 
annua l basis a re m u c h fewer ( V e r m a , 1980). 
Severa l po lyphagous insects, such as locusts 
a n d g ra s shoppe r s (Schistocerca gregaria, 
Locusta migratoria and Chrotogonus s p p . ) , 
a r m y - w o r m s (Mythimna spp . and Spodoptera 
exempta) and Heliothis armigera, sporadical ly 
cause severe d a m a g e in pearl mil let , bu t these 
insects a re p robab ly best held in check by using 
insecticides. 
T h e r e a r e r e p o r t s o f ser ious d a m a g e to pea r l 
mil le t in n o r t h e r n India by whi te g rubs (Holo-
trichia (Lachnosterna) consanguinea B l a n c h ) , 
par t icular ly in t h e states of Ra ja s than and 
G u j a r a t ( G a h u k a r and Jo twan i , 1980; Rach i e 
a n d M a j m u d a r , 1980) and t h e au tho r s have 
seen pa tches of pear l millet in f a rmers ' fields 
a n d en t i r e fields on experiment; s ta t ions kil led 
b e f o r e flowering t ime by whi te grubs in Ra jas -
t h a n . T h e shootfly (Atherigona approximata 
Mal l . ) kills the central whorl leaf, par t icular ly 
in later sown c rops , but generally the plants 
grow so rapidly that the larvae a re no t able to 
kill t h e g rowing point . H o w e v e r , w h e n condi-
t i ons p r e c l u d e rapid growth, d e a d hea r t s o r 
d a m a g e d inflorescences may occur a n d yield 
losses in the range of 20 to 60 p e r c e n t h a v e been 
r e p o r t e d (Natara jan et al., 1973; G a h u k a r and 
J o t w a n i , 1980). O t h e r insect pests r e p o r t e d to 
cause occas ional damage to pea r l mil le t in India 
a r e t h e m i d g e Genomyia penniseti Felt . a n d var-
ious suck ing insects , such as Pyrilla perpusilla 
W a l k . , Rhopalosiphum maidis Fi tch, 
Empoasca s p p . , Aphanus sardidus a n d Myl-
locerus spp . However , a t the p r e sen t t i m e the 
only ser ious pest that seems to w a r r a n t major 
c o n t r o l efforts in India i s t h e w h i t e g rub . T h e 
o t h e r insec ts ment ioned a r e po ten t i a l ly ser ious 
pes t s a n d n e w varieties should be c h e c k e d for 
h igh levels of attack by par t icu lar insects unde r 
n a t u r a l f ie ld conditions. 
In Africa, the s tem b o r e r s Acigona 
ignefusalis a n d Sesamia calamistis a r e r epor ted 
as pes t s on pear l millet in t h e Sahel ian and 
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Sudanese zones , with the former pest being the 
m o r e i m p o r t a n t ( H a r r i s , 1962). T h e millet 
ea rhead caterpi l lar (Rhaguva albipunctella) 
was very des t ruc t ive in the Sahel ian regions of 
Wes t Africa in the early 1970s, with es t imated 
losses of up to 50 pe rcen t being r epo r t ed (Ver -
c a m b r e , 1978; N d o y e , 1979). T h e midge G. 
penniseti has also b e e n r epo r t ed to cause seve re 
grain yield r educ t ion of mid-season Souna mil-
lets , which flower in late S e p t e m b e r in Senegal 
(Cout in and H a r r i s , 1968). In the I C R I S A T 
Millet E n t o m o l o g y P r o g r a m m e for W e s t 
Africa, based a t the I C R I S A T Sahel ian C e n t r e 
in the Niger , research priori ty is being given to 
A. ignefusalis and R. albipunctella ( N w a n z e , 
19S2). A mult i - faceted in tegra ted control p r o -
g r a m m e is envisaged , with host -plant res is tance 
being a major c o m p o n e n t . 
Parasi t ic w e e d s . Of t h e several wi t chweeds 
(Striga spp . ) k n o w n to occur in Africa and As ia , 
S. hermonthica is t h e mos t ser ious parasi t ic 
weed on pearl millet in Africa and causes seve re 
losses in the Sahel ian region. S. asiatica appea r s 
to be the mos t c o m m o n in India and sou the rn 
Africa (Rach ie and M a j m u d a r , 1980), though 
there are few repor t s of this weed as a ser ious 
prob lem in pearl millet . In so rghum, however , 
the cultivation in India of new hybr ids highly 
susceptible to S. asiatica has resul ted in an 
a larming increase of this paras i te and a change 
to o ther crops on land tradit ionally used for 
growing so rghum ( H o u s e and Vasudeva R a o , 
1982). 
Large areas of pear l millet in the Sahel have 
been devas ta ted by S. hermonthica. In t h e 
au thors ' op in ion , it is essential to find the 
sources of res is tance to this weed pest in o r d e r 
to improve cul t ivat ion of pearl millet in t h e 
Sahel . 
Non-parasi t ic w e e d s . W e e d s should obvi-
ously be cont ro l led in all crops (especially d u r -
ing the early stages of c rop deve lopmen t ) if the 
yield potent ia l is to be achieved. T h e r e is , how-
ever , a special a n d i m p o r t a n t w e e d p r o b l e m 
affecting pearl millet in Sahel ian Africa that is 
m u c h more difficult for farmers to control t han 
the conventional weed problem. This is the pres-
ence of sh ibra , which mimics the pearl millet 
p lan t in a p p e a r a n c e bu t is vir tually n o n - p r o d u c -
tive in t e rms of harves tab le grain. Because it is 
a mimet ic w e e d , i t escapes remova l dur ing the 
no rma l weed ing processes , persists in the c rop , 
compe te s for env i ronmenta l resources and con-
t r ibu tes pol len to the varietal g e n e poo l . At 
ma tu r i t y , sh ibra heads shat ter and d isperse 
the i r seeds to reinfest the f i e lds . T h e au thors 
h a v e seen up to 20 pe rcen t of sh ibra in farmers ' 
fields in W e s t Africa and bel ieve it to be a gen-
eral and ser ious p rob lem t h r o u g h o u t the re-
gion. 
Con t ro l of the shibra p rob lem n e e d s a combi -
na t i on of cul tural a n d p lan t -b reed ing activities. 
Shibra p lants should be rogued pr io r to a n t h e r 
shedd ing , and shibra gene con tamina t ion needs 
to be e l iminated from local cul t ivars t h rough 
b r e e d i n g . 
B i r d s . F locks of gra in-eat ing b i rds c o n s u m e 
vast a m o u n t s of pear l millet grain annual ly in 
Ind ia and Africa. In India , spar rows (Passer 
domesticus L. and Gymnorrhis xanthocallis), 
p a r a k e e t s (Psittacula sp . ) and crows (Corvus 
sp . ) a re p robab ly the most impor tan t bird pests 
( R a c h i e and Ma jmuda r , 1980). In Africa, 
w h e r e birds are believed to be the most ser ious 
pes t of mil le t (Rach ie and M a j m u d a r , 1980), 
the pr incipal pest is the weaverb i rd (que lea , 
Quelea quelea L. in the Sahel , Q. quelea 
aethiopica Sundeval in m o u n t a i n o u s a reas of 
e a s t e r n Afr ica , Q. quelea centralis V a n S o m e -
r en in E a s t Africa a n d Q. quelea lathami Smi th 
in s o u t h e r n Afr ica) . 
I t is d e b a t a b l e w h e t h e r any d e g r e e of bird 
cont ro l can be achieved with genet ic charac te rs 
of the hos t p lant (heavily awned millet may be 
subject to less a t tack , bu t there a r e conflicting 
r e p o r t s on t h e effectiveness of this c h a r a c t e r ) ; 
to d a t e i t wou ld appea r that the mos t effective 
m e t h o d of discouraging birds is to scare t h e m 
off by t radi t ional m e t h o d s . In W e s t Afr ica , an 
in te rna t iona l effort against bird pes t s — the 
Organ i sa t ion c o m m u n e de lu t te an t i ac r id ienne 
e t de l u t t e ant iaviaire ( O C L A L A V ) — h a s 
been ope ra t ing for some t ime and uses var ious 
m e t h o d s of bird dest ruct ion, including f i re and 
explosives to dest roy nest ing colonies and 
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spraying of poisons such as para th ion and phos -
d r i n ( P r a d a t , 1962; Bruggers and J a e g e r , 1982). 
Such communa l action n e e d s to be con t inued in 
Wes t Africa and s t r eng thened in eas t e rn and 
southern Afr ica , w h e r e t h e d e p r e d a t i o n s o f 
migratory birds cause e n o r m o u s grain losses 
annually (Bruggers and Jaege r , 1982). 
T h e need for and use of surveys . M o r e p r e -
cise in format ion i s n e e d e d on t h e inc idence , 
severity and losses caused annually by p a t h o -
gens and pests of pea r l mil let , par t icular ly in 
Africa. A great dea l of this informat ion can be 
collected in the Sahel dur ing the first phase of 
the F A O I n t e g r a t e d P e s t Con t ro l P ro jec t , a n d 
similar activities a re n e e d e d in eas t e rn and 
sou the rn Afr ica . I n I n d i a , t h e r e a p p e a r s t o b e 
more moni to r ing of p r o b l e m s in pea r l mil let , 
though t h e r e is a n e e d to establish a m o r e p r e -
cise na t ional pe s t a n d d i sease mon i to r ing sys-
tem for this c rop . 
A few notes of cau t ion a r e pe r t inen t on t h e 
use of informat ion from surveys . Firs t , in o rde r 
to t ransla te incidence and severity da ta into 
meaningful yield loss d a t a , t h e re la t ionships 
between these p a r a m e t e r s need to be de te r -
mined th rough e x p e r i m e n t a t i o n . M o r e o v e r , 
while surveys will ind ica te the present p rob lems 
(with tradit ional cul t ivars and cultural prac-
tices) they do n o t necessar i ly ind ica te w h a t new 
major p rob lem might e m e r g e as a result of the 
in t roduct ion of n e w var ie t ies a n d cultural p r a c -
tices (e .g. e rgo t was r e g a r d e d as a minor p r o b -
lem on pearl millet in Ind ia pr ior to the large-
scale use of F 1 hyb r id s ) . T h u s , t h e mos t impor -
tant potent ia l pes t and disease problems also 
need to be identified f rom survey w o r k and n e w 
genotypes should be e x p o s e d to these prior to 
large-scale i n t roduc t ion . E v e n then , not all 
potent ial p r o b l e m s will be identified and vigi-
lance will be n e e d e d du r ing the in t roduct ion 
phase of new g e n o t y p e s a n d cultural pract ices , 
particularly if exot ic p a r e n t mater ia l has been 
used. 
Desp i t e a lack of k n o w l e d g e abou t t h e 
occurrence of and losses caused by pa thogens 
and pests in p e a r l mi l le t , t h e r e a re p rob l ems so 
severe that the i r con t ro l is known to be of pri-
mary impor t ance for increas ing produc t ion . In 
Sahel ian Africa these are grain-eat ing bi rds , 
d o w n y mi ldew, witchweed and p robab ly 
Acigona s tem b o r e r and Rhaguva e a r w o r m ; in 
Ind ia they a re d o w n y mildew, ergot , smut and 
p r o b a b l y w h i t e g rubs in the no r thwes t e rn s ta tes 
of Ra ja s than and Gujara t . Hos t plant res is tance 
will h a v e to be the major defence against downy 
mi ldew, w i t chweed , ergot , smut , s t em bo re r 
and Rhaguva e a r w o r m , a l though t h e in tegra-
t ion of a p p r o p r i a t e cultural and chemical con -
trol measu re s n e e d s to be invest igated in o rde r 
t o m a k e t h e con t ro l more effective a n d more 
d u r a b l e . 
Resistance screening techniques 
T h e r a t e of p rog res s that can be m a d e in the 
i m p r o v e m e n t of a crop for any genet ic charac-
t e r will d e p e n d pr imari ly on t h e effectiveness of 
t h e sc reen ing t echn ique . In projects on identifi-
ca t ion of d isease and pest res is tance, consider-
ab le a t t en t ion needs to be given at t h e outse t to 
e n s u r e t h a t t h e screening techniques a re reli-
ab le a n d r e l evan t . Reliability r equ i r e s that 
a d e q u a t e levels of inoculum be provided 
uni formly t h r o u g h o u t the popu la t ions of p lants 
b e i n g sc reened and that env i ronmenta l 
p a r a m e t e r s be maintained within a r ange con-
d u c i v e t o infection/infestation a n d disease/ 
d a m a g e deve lopmen t . Relevancy r equ i r e s that 
t h e h o s t be chal lenged by t h e p a t h o g e n s o r 
pes t s in as na tura l a way as poss ib le , and this 
will in tu rn requ i re a sound k n o w l e d g e of the 
b io logy , ep idemiology and b ionomics of the 
p a t h o g e n s and pests and the d iseases and dam-
a g e t h a t they cause . T h e r e q u i r e m e n t s o f relia-
bility will generally prec lude a completely 
n a t u r a l m e a n s of host cha l lenge , bu t highly 
artificial m e t h o d s of inoculat ion/ infestat ion and 
p l an t m a i n t e n a n c e should general ly be avoided 
i f r e a c t i o n s a re to be ob ta ined t h a t h a v e rele-
v a n c e to the crop growing in the f ie ld . 
A s e c o n d impor tan t aspect of sc reen ing is the 
m e t h o d u s e d to assess p lant va r i e ta l react ions . 
S t a n d a r d ra t ing scales are essent ia l to provide 
object iv i ty on the par t of w o r k e r s a n d from sea-
son to s ea son . I t should be clearly recognized, 
h o w e v e r , that as pearl millet is a highly outcross-
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ing c rop , with cons iderab le variability occur-
ring within cul t ivars , valuable sources of resis-
tance can be identified within popu la t ions t h a t 
a re generally suscept ib le . T h u s , as long as a 
rel iable sc reen ing techn ique has been e m -
ployed , ra t ings of varietal reac t ion should be 
made on individual plants within test lines in 
order to eva lua te the potent ia l for se lect ion 
within l ines. 
Downy mildew. T h e t radi t ional m e t h o d of 
screening for res is tance to downy mi ldew in 
pearl millet was to plant the test mate r ia l in a 
"sick p lo t" , i .e. a field plot into which zoospo re -
containing crop debr is had been i n c o r p o r a t e d 
(Chahal et al., 1975; D e s h m u k h , M o r e and 
Ut ika r , 1978). T h e use of a sick p lo t , h o w e v e r , 
has several d rawbacks (Will iams, . 1983) a n d a 
more efficient and re l iable res is tance sc reen ing 
techn ique was d e v e l o p e d in the mid-1970s in 
which test lines w e r e chal lenged by zoospores 
from sporangia p r o d u c e d on highly suscept ible 
"infeetor r o w s " p l an t ed th roughou t the sc reen-
ing area (Wil l iams, Singh and P a w a r , 1981; 
Will iams, 1984). 
Two basic p a r a m e t e r s have been used to 
define susceptibil i ty (or, conversely , resis-
tance) to downy mildew in pearl millet . T h e 
most frequently used is the percent inc idence of 
plants tha t show systemic symptoms , i r respec-
tive of the severi ty of symptoms on individual 
p lants . Arb i t r a ry figures have then been es tab-
lished be low which the variety is r e g a r d e d as 
resistant. T h e d a t a for t h e inc idence score can 
be collected easily and rapidly in the. field and 
this m e t h o d is p robab ly the most practical o n e 
when large n u m b e r s o f b reed ing l ines a re b e i n g 
screened. In o r d e r to obtain an accura te inci-
dence score at t h e end of the season it is neces -
sary to score the c r o p m o r e than once . 
T h e second scor ing system that has been used 
combines d isease incidence and severi ty in to a 
disease index (Wil l iams and Singh, 19S1). Th i s 
rat ing is d o n e only o n c e , after flowering, and 
thus n e e d s to be combined with an ear l ie r inci-
dence sco re , as descr ibed above . T h e la t ter 
me thod is m o r e labor ious than the incidence 
m e t h o d , b u t i t d o e s provide a m o r e accu ra t e 
measu re of the a m o u n t of disease. Th i s is 
impor tan t for eva lua t ing re la t ionships beween 
disease and yield (Will iams a n d Singh , 1981) 
and for s tudies on the possible occur rence of 
part ial res i s tance . 
Ergot. Suspens ions of conid ia f rom fresh 
honeydew p roduced on pear l mil le t a re the 
most effective inocula for induc ing e rgo t in this 
c rop . T h e o p t i m u m flowering s t age for inocula-
tion is w h e n the grea tes t flush of fresh s t igmas 
occurs on the inflorescence. H o w e v e r , i f the 
s t igmas receive pol len be fo re o r a t the s a m e 
t ime as inocu lum, the pollen p r e d o m i n a t e s and 
little ergot will deve lop ( T h a k u r a n d Wi l l i ams , 
1980). T h u s , in screening for e rgo t r e s i s t ance , i t 
is no t possible to rely on a comple te ly na tura l 
sys tem of p lan t chal lenge by inocu lum p r o -
duced on in te rp lan ted inoculum d o n o r p lan t s , 
because i t is essential to e n s u r e t h a t inocu lum 
p r e c e d e s pol len in reach ing t h e s t i gmas . T h i s i s 
best achieved by a system of bagg ing tillers at 
crucial s tages . T h e el imination of pol len inter-
fe rence should be c o m b i n e d wi th un i form 
inocu la t ion , using viable inocu lum to avoid 
high f requencies of escapes ( T h a k u r , Wil l iams 
and R a o , 1 9 8 2 ) . 
A rapid and rel iable m e t h o d of assessing the 
p ropor t ion of infected florets on an inflores-
cence , which utilizes a set of s t a n d a r d drawings 
of pear l millet inflorescences with var ious pro-
po r t i ons of infected florets from o n e to 90 pe r -
cen t , has b e e n devised ( T h a k u r a n d Wil l iams, 
1980). 
Smut. A l t h o u g h the re is still a g r ea t dea l to be 
learned a b o u t the epidemiology of pear l millet 
s m u t , which is incited by Tolyposporium 
penicillariae, i t has long been k n o w n tha t floret 
infection is effected directly by a i r b o r n e 
sporidia p r o d u c e d by ge rmina t i ng sporeba l l s 
and not as a result of systemic co lon iza t ion of 
the p lan t ( B h a t , 1946). V a r i o u s w o r k e r s h a v e 
tr ied direct inoculat ion of inf lorescences , gen-
erally by injection at the boot - lea f s t age of 
d e v e l o p m e n t with a q u e o u s s u s p e n s i o n s o f 
sporeba l l s and /or sporidia , wi th conflicting 
results (Pate l and Desa i , 1959; H u s a i n and 
T h a k u r , 1963 ; P a t h a k and S h a r m a , 1976a; 
Bhowmik , and S u n d a r a m , 1971) . A l l t hese 
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au thors indicated the impor tan t ro le high 
humidity plays in causing infection. 
In more recent s tud ies , T h a k u r , Subba R a o 
and Will iams (1982) eva lua ted several aspects 
of smut- inoculat ion m e t h o d s a n d conc luded 
tha t the mos t effective a n d rel iable m e t h o d w a s 
injection of a fresh spor id ia l suspens ion (ca. 1 x 
106 sporidia/ml) i n to t h e b o o t jus t p r io r to 
inflorescence e m e r g e n c e , i m m e d i a t e bagging 
of the inoculated tillers and provis ion of high 
humidity for the pe r iod from inoculat ion to 
symptom a p p e a r a n c e . T h e ra t ing of the reac-
tions of p lants inocu la ted with T. penicillariae 
includes combina t ions of incidence a n d sever-
ity. As for e rgo t , s t a n d a r d drawings h a v e b e e n 
developed to assist in t h e es t imat ion of t h e 
propor t ion of d i seased f lorets on individual 
inflorescences ( T h a k u r a n d Wil l iams, u n p u b -
lished da ta ) . T h e m e a n and r a n g e of severity 
within test lines p r o v i d e va luable selection 
criteria. 
Foliage diseases . Fo l i age diseases have been 
s tudied m u c h less than the t h r e e diseases refer-
red t o above . T h o s e t h a t h a v e received mos t 
at tent ion a re rust a n d blas t , with occasional 
reports o f w o r k on res i s tance to o the r p a t h o -
gens such as Helminthosporium rostratum 
Dreschler (Singh, C h o u d h a r y and Bha tnaga r , 
1980) and Cercospora penniseti (Bur ton and 
Wells , 19S1). In sc reen ing for blast and rust 
resis tance, mos t w o r k e r s h a v e rel ied on na tura l 
infection in the field ( P a t h a k et al., 1976; D u h a n 
and T h a k u r , 1980; Wi l l i ams , Singh and 
T h a k u r , 1982), b u t Y a d a v , Agniho t r i and 
Prasada (1980) i nocu l a t ed seedlings with a 
"highly pa th o g en i c s t ra in" of t h e blast fungus in 
a g reenhouse tes t . 
Rust and blast a r e d iseases in which "infector 
rows" have b e e n effectively used to provide 
uniform inocu lum for res is tance screening in 
other cereal c r o p s , a n d t h e r e i s no reason to 
believe tha t such sc reen ing would be less effec-
tive in pear l mi l le t . T h e critical factors tha t 
need to be d e t e r m i n e d in o r d e r to use the infec-
tor-row sc reen ing t e c h n i q u e effectively a re t h e 
environmental cond i t i ons conducive to sporu-
lation and infect ion a n d t h e required t ime and 
spatial d is t r ibut ion of infector and test rows . 
T h e r a t ing of reac t ions of cereals to leaf dis-
eases is fraught with pitfalls and difficulties. 
T h e main ques t ions are : a t wha t growth 
stage(s) shou ld the assessments be m a d e ; on 
which leaves ; in w h a t way; how does o n e c o p e 
with variabili ty in t ime of f lowering a m o n g the 
tes t l ines ; a n d , can epidemiologically i m p o r t a n t 
p a r a m e t e r s b e m e a s u r e d ? T h e s e ques t ions can 
only be a n s w e r e d effectively if t h e r e is s o u n d 
k n o w l e d g e ava i lab le as to the biology and 
ep idemiology of the disease and of its effects on 
plant d e v e l o p m e n t and yield. M a n y foliage 
pa thogens can quickly colonize senescing leaf 
t issue, a n d thus rat ings made too late in the 
ma tu r i ty of a l i ne will overes t imate i ts suscept i -
bility. Conver se ly , rat ings m a d e t o o early in t h e 
ma tu r i t y of a l i ne will unde res t ima te i ts suscep-
tibility to ce r t a in diseases. Accord ing ly , l ines 
with va r iab le flowering and matur i ty da tes 
should be scored at a fixed physiological 
d e v e l o p m e n t even t and not chronological ly. 
Mul t ip l e d i sease resis tance. Since effective, 
re l iable sc reen ing techniques have been 
d e v e l o p e d fo r t h e th ree major diseases (downy 
mi ldew, e r g o t a n d smut) i t has b e c o m e possible 
to s c r een for sources of mult iple d isease resis-
t ance . T h i s is done by subject ing the same 
p l an t s to severa l pa thogens and select ing indi-
v iduals tha t carry resistance to all the diseases. 
Sc reen ing for combined res is tance to downy 
m i l d e w , e rgo t a n d smut in mul t ip le inoculat ion 
trials was b e g u n at I C R I S A T in 1982 (Will iams 
et al., unpub l i shed da ta) . T h e se lec ted tes t 
l ines , e l i te p rogen ies from t h e e rgo t a n d smut 
s c r een ing projec ts , were g rown in t h e downy 
m i l d e w nurse ry (Williams, Singh and Pawar , 
1981) a n d , at the boot-leaf s tage , tillers of 
se lec ted d o w n y mildew-resistant p lants were 
inocu la ted with sporidial suspensions of 
Tolyposporium penicillariae, o t h e r tillers were 
b a g g e d to be inoculated la ter w i th fresh hon-
ey d e w suspensions of Claviceps fusiformis and 
still o t h e r s w e r e bagged with no inocula t ion car-
r ied o u t . D o w n y mildew-resis tant p l an t s were 
s c r e e n e d in this way for e rgo t a n d smut resis-
t a n c e ; they w e r e selfed so tha t selfed seed could 
be h a r v e s t e d from individual p l an t s with multi-
p le res i s t ance . 
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Insec t pes t s . T h e au thors a re u n a w a r e o f any 
s tudies in which pearl millet has been effec-
tively s c reened for resis tance to any insect pes t . 
T h e r e h a v e b e e n , however , r epor t s o f cult ivars 
that a p p e a r e d to be less damaged dur ing seve re 
na tura l infes ta t ions of germ-plasm and b reed -
ing l ines ( I C A R , 1969, 1971, 1972, 1974; Jo t -
wani , Sukhan i a n d Ma ta i , 1971 ; L e u c k et al . , 
1968; K a l o d e and P a n t , 1966; Sandhu , L u t h r a 
and S ingh , 1976). Re l iab le s c r e e n i n g 
t echn iques h a v e been developed in maize and 
s o r g h u m for identif ication of res i s tance to s t em 
bore r s and shootfly (Jotwani and D a v i e s , 1980) 
and these shou ld be readily appl icable to pea r l 
millet . T h e task will p robab ly be much m o r e 
difficult for Rhaguva res is tance because , whi le 
little is k n o w n of t h e life history or biology of 
the pes t , its u n p r e d i c t a b l e a p p e a r a n c e and dis-
a p p e a r a n c e at different sites in different years 
a re wel l k n o w n . 
Parasi t ic w e e d s . Li t t le work has been d o n e on 
res is tance to wi t chweed in pea r l mil le t , t hough 
progress has b e e n m a d e in identification of 
resis tance to S. hermonthica and S. asiatica in 
s o r g h u m ( R a m a i a h , 19S1; Vasudeva R a o , 
Chid ley a n d H o u s e , 1982). T h e basic s t ra tegy 
has been to d e v e l o p Striga-sick p lots by incor-
pora t ing la rge quan t i t i es of seed of the a p p r o -
pr ia te Striga spp . T h e r e is, howeve r , a major 
p r o b l e m in ensu r ing uniformity of cha l lenge , 
because it is difficult to dis tr ibute wi tchweed 
seed uni formly th roughou t large screening 
a reas , and soil he te rogene i ty provides different 
e n v i r o n m e n t a l condi t ions in different par t s of 
the sc reen ing a r ea dur ing the critical pe r iod for 
infestat ion. T h e only w a y to ove rcome this 
p rob lem is by sufficient repl ica t ion , in space 
and t i m e , and t h e use of f requent sys temat ic 
suscept ible checks . A t the I C R I S A T C e n t r e , 
so rghum h a s b e e n successfully sc reened for 
res is tance to S. asiatica us ing t h r e e processes : 
(i) p re l imina ry screening with o n e check for 
eight test p lo t s ; (ii) advanced screening with a 
check a longs ide each test plot ; (iii) mul t i loca-
t ional s c r een ing a t known " h o t s p o t s " (Vas -
udeva R a o , Chidley and H o u s e , 1982). 
A s e c o n d major p r o b l e m in screening for 
res is tance to wi t chweed is jus t how to m e a s u r e 
susceptibi l i ty, par t icular ly in genetically vari-
able p o p u l a t i o n s , and a great deal of research is 
needed to deve lop effective and relevant 
screening t echn iques for res is tance to witch-
weed . Plant pa thologis ts should be involved in 
such work because of the similarit ies in work ing 
with so i lborne plant p a t h o g e n s . At the present 
t ime the re is a pitifully small research effort in to 
the pear l millet wi tchweed p rob lem in Sahel ian 
Africa, a n d this must be vastly increased if 
progress is to be m a d e in reducing the effects of 
this major yield cons t ra in t . 
Sources of resistance 
Diseases . Sources of disease res is tance in 
pearl mil le t w e r e reviewed by Wil l iams (1983). 
Deta i l s a re summar i zed be low. 
Downy mildew. T w o major efforts have been 
m a d e to screen the world pearl millet ge rm-
plasm collect ion for resis tance to downy mil-
dew ( M u r t y , U p a d h y a y and M a n c h a n d a , 1967; 
Wil l iams, Singh and T h a k u r , 1982), u n d e r con-
di t ions of na tura l disease deve lopmen t and also 
lat ter ly us ing uniform inoculat ion t echn iques 
(Wil l iams, Singh and Pawar , 1981). In both 
s tudies the highest p ropor t ion of res is tant 
accessions w e r e identified in those from Africa. 
In t h e l a t e r s tudy t h e cent ra l r eg ion o f W e s t 
Afr ica , par t icular ly no r the rn Niger ia , sou the rn 
Niger , the U p p e r Vol ta and Mal i , p rov ided t h e 
richest sources of res is tance. H o w e v e r , only a 
relatively smal t p ropor t ion of the m o r e than 
14 000-ent ry wor ld germ-plasm collection has 
been effectively screened for downy mi ldew 
res is tance , mainly because of t h e success 
ob t a ined in developing sources of res is tance 
from initially susceptible lines or popu la t ions 
th rough recur ren t selection a n d , to a lesser 
e x t e n t , m u t a t i o n b reed ing . T h e r e is a n e e d , 
neve r the l e s s , for a grea ter effort in classifying 
the d o w n y mildew susceptibi l i ty/resis tance of 
the r e m a i n i n g accessions in the wor ld ge rm-
p lasm col lect ion. 
I r r ad i a t i on of seed of suscept ible l ines is 
r e p o r t e d to have yielded new sources of resis-
t ance ( M u r t y , 1973; Pokhr tya l a n d Ja in , 1974; 
144 Vol. 31, N° 4, 1983 
M u r t y , 1974; Ja in a n d Pokhr iya l , 1975). A 
potent ial ly va luab le new male-s ter i le l ine 
der ived from a selection p r o g r a m m e at 
I C R I S A T a m o n g p rogeny of i r radiated suscep-
tible lines ( K u m a r et al., unpubl i shed d a t a ) has 
been used to m a k e severa l expe r imen ta l hy-
br ids , s o m e o f wh ich h a v e en t e r ed t h e Ind i an 
na t ional eva lua t ion p r o g r a m m e . I t will be sev-
eral yea r s , h o w e v e r , before the t rue va lue of 
this res is tance source becomes a p p a r e n t . 
Levels of res is tance to downy mildew in in i -
tially suscept ible popu la t ions have b e e n 
increased t h r o u g h a p rocess of r ecu r ren t se lec-
t ion within p o p u l a t i o n s while main ta in ing or 
improving o t h e r des i rable and adap t ive fea-
tures of the popu la t i on ( I C R I S A T , 1981 ; Wil -
l iams, Singh a n d T h a k u r , 1982; Wil l iams, 
19S3). O n e of t h e p roduc t s o f the I C R I S A T 
P e a r l Mil let I m p r o v e m e n t P r o g r a m m e ' s recur -
ren t select ion p ro jec t h a s b e e n re leased for cul-
tivation by the na t ional p r o g r a m m e in Ind i a , 
after i t had been shown to combine high yield 
stability and d o w n y mildew resistance dur ing 
several years of mul t i loca t ional trials in the sub-
cont inent . 
Since 1976, t h e levels of downy mildew resis-
tance in en t r ies submi t t ed to the hybrid and va-
riety pre l iminary yield trials of the All India 
Coord ina ted Mil let I m p r o v e m e n t P r o g r a m m e 
have steadily i nc reased , so tha t by 1981 a lmos t 
all entr ies h a d no m o r e t han a ten pe rcen t inci-
d e n c e of d o w n y m i l d e w in screening trials a t 
I C R I S A T (Wi l l i ams , 1983). 
Ergot. In the 1960s and early 1970s a t t empt s 
were m a d e in Ind i a to locate sources of resis-
tance to e rgo t , w i th little success (Kumara ra j 
and B h i d e , 1962; S h a n m u g a s u n d a r a m et al., 
1968; I C A R , 1 9 7 1 ; P a t h a k and S h a r m a , 
1976b), pr imar i ly d u e to the lack of an efficient, 
reliable sc reen ing t echn ique . In the mid-1970s 
the p h e n o m e n o n of pol len interference in e rgo t 
infection was d e t e c t e d (Thakur and Wil l iams, 
1980), which h a d ma jo r implications for screen-
ing pear l mi l le t for e rgo t resistance. T h e 
improved sc reen ing t echn ique (Thakur , Wil -
liams and R a o , 1982), described above , was 
developed on t h e basis of this information and 
has been used to sc reen germ-plasm and b r e e d -
ing mate r i a l s s ince 1978. T h e au tho r s q u o t e d 
above h a v e recent ly described the I C R I S A T 
p r o g r a m m e ' s successful efforts in deve lop ing 
ergot res i s tance . In the germ-plasm of the m o r e 
than 4 000 ent r ies screened no high level of 
ergot res is tance was de tec ted , a l though selec-
t ion a m o n g t h e p rogeny o f crosses b e t w e e n 
l ines t h a t w e r e consistently relat ively less sus-
cep t ib le y ie lded m a n y lines tha t deve loped only 
low levels of e rgo t ( < 1 percent florets infected) 
b y t h e F 6 gene ra t ion . 
Similar a t t e m p t s to develop ergot-resis tant 
se lect ions h a v e b e e n m a d e a t o the r locat ions in 
Ind i a in t h e last few years (S .S . C h a h a l , pe r -
sonal communica t ion ; H a r i n a r a y a n a , 19S2) 
uti l izing the improved screening t echn ique . 
H o w e v e r , the high ergot susceptibil i t ies of the 
hybr ids a n d variet ies in the 1981 yield trials of 
t h e Al l I nd i a Coord ina ted Pea r l Mil let 
I m p r o v e m e n t P r o g r a m m e ( I C A R , 1982; Wil -
l iams , 1983) indica te tha t t h e res is tance h a s n o t 
ye t b e e n incorporated into high-yielding hy-
br ids or variet ies . 
Smut. P r io r to t h e late 1970s t h e r e w e r e few 
r e p o r t s of sources of resis tance to s m u t in pear l 
mi l le t . M u r t y , Upadhyay and M a n c h a n d a 
(1967) publ ished a list of react ions to smut of 
1 508 ent r ies in the world col lect ion, with indi-
ca t ions tha t several accessions from Africa and 
I n d i a w e r e possibly res is tant . P a t h a k and 
S h a r m a (1976a) r epor ted 11 of 322 lines of 
d iverse origin to be relatively less susceptible to 
s m u t a n d Y a d a v (1974) r e p o r t e d six lines to be 
s m u t res is tant . More recent ly , screening for 
sou rces of resistance to smut has become a 
ma jo r activity in the I C R I S A T Pear l Millet 
I m p r o v e m e n t P rog ramme , wi th several 
h u n d r e d l ines being screened each year and 
a b o u t 30 lines being evaluated annual ly in mul-
t i loca t ional testing ( I C R I S A T , 1981). These 
r e p o r t e d sources of res is tance, howeve r , have 
n o t ye t been successfully ut i l ized in the 
d e v e l o p m e n t of improved var ie t ies and hy-
b r i d s , as witnessed by the h igh s m u t susceptibi-
lity of the entr ies in the var ious 1981 yield trials 
of t h e All India Coord ina ted Mil le t Improve-
m e n t P rog ramme in sc reen ing trials a t 
I C R I S A T ( I C A R , 1982; Wi l l i ams , 1983). 
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Rust. In the evaluat ion of 1 508 ge rm-p lasm 
accessions by M u r t y , U p a d h y a y and M a n -
c h a n d a (1967) , t h r e e lines w e r e free from rus t 
and 81 en t r i e s a p p e a r e d to have low susceptibi l-
ity (with a score of 2 as regis tered on a 1 to 5 
scale) . O t h e r res is tant l ines have b e e n r e p o r t e d 
in the l i t e ra ture (Ramakr i shnan and Sun-
d a r a m , 1956; Suresh , 1969). Sc reen ing and 
selection of wor ld germ-plasm for rus t resis-
tance c o m m e n c e d a t I C R I S A T in 1975 a n d , 
a l though no artificial screening t echn ique had 
been used , la te p lan t ing a t the I C R I S A T 
C e n t r e farm and a t Bhavan i Sagar in s o u t h e r n 
India a l lowed a rel iable chal lenge of the tes t 
mater ia l s (Singh and Wil l iams, 1978). M o r e 
than 20 lines h a v e been consistently res is tant to 
rust in these trials (less than ten p e r c e n t of t h e 
surface of the u p p e r four leaves suppo r t i ng rust 
pustules a t t h e soft dough s tage of s eed m a t u -
rity) (Singh and Wi l l i ams , 1978). 
Blast. Screen ing for sources of res is tance to 
b las t in pea r l mil le t has been carr ied ou t a t a few 
locat ions in n o r t h e r n Ind ia , on a relat ively 
small scale , general ly relying on na tura l infec-
t ion with no inocula t ion . Sources of res i s tance 
r epo r t ed in recen t studies by P a t h a k et al. 
(1976), D u h a n and T h a k u r (1980) and Y a d a v , 
Agn iho t r i a n d P ra sada (19S0) have b e e n l isted 
by Wil l iams (1983) . 
Helminthosporium leaf spot. Singh, C h o u d h a r y 
and B h a t n a g a r (1980) screened 118 pea r l millet 
lines for res is tance to Helminthosporium ro-
stratum by inocula t ing seedlings with conidial 
suspensions of the pa thogen . E leven lines 
r e m a i n e d s y m p t o m free. 
Curvularia leaf spot. In the trials of Pati l (1972) 
n o n e of 108 tes t l ines w e r e free f rom d isease 
caused by Curvularia penniseti var . poonensis. 
O n e line was highly resistant a t the seedl ing 
s tage and 13 lines showed adu l t p lan t resis-
t ance . 
Multiple disease resistance. T h e lines be ing 
deve loped for ergot resis tance a t I C R I S A T 
h a v e b e e n rou t ine ly screened for d o w n y mil-
dew and s m u t r eac t ions , so tha t res is tance to 
these two diseases has also been deve loped in 
these lines (Wil l iams, Singh and T h a k u r , 1982). 
T h e e rgo t , s m u t and d o w n y mi ldew react ions o f 
the five lines with the highest levels of e rgo t 
resis tance in 1981 a re p resen ted in T a b l e 3. 
Insect pests and witchweed. Effective screen-
ing techniques have not yet been deve loped for 
identifying res is tance to insect pes t s a n d witch-
weed in pear l mil let . H o w e v e r , appa ren t ly less 
susceptibility has been r e p o r t e d to s t em bo re r 
(Sandhu , L u t h r a and Singh, 1976) , shootfly 
( I C A R , 1974) and S. hermonthica ( R o g e r and 
R a m a i a h , 19S1). T h e s e a p p a r e n t sources of 
resis tance will n e e d to be re -eva lua ted when 
rel iable screening techniques have been 
deve loped . 
Tests For stable disease resistance 
Mult i locat ional tes t ing. If re l iable disease-
res is tance screening techniques a r e used cor-
rectly on a r ich , well-chosen germ-p lasm collec-
t ion, then i t is p robab le that res is tance to most 
diseases will be identified a t t h e " h o m e " loca-
t ion . H o w e v e r , the quest ion r e m a i n s as to 
w h e t h e r this resis tance will be effective w h e n 
the variet ies a re grown in a n o t h e r region or 
ano the r year , with possibly different 
pa thogen ic races and different levels of agro-
climatic parameters , ( i .e . is the resistance stable 
T A B L E 3 . S o u r c e s o f m u l t i p l e d i s e a s e r e s i s t a n c e i n 
p e a r l m i l l e t i n I n d i a 1 
Line 
I C M P E 134-6-9 
I C M P E 134 -6 -11 
I C M P E 134-6 -41 
I C M P E 134 -6 -34 
I C M P E 134 -6 -25 
Suscept ib i l i t y c h e c k 
Mean ergot2 Smut3 Downy mildew4 
severity severity Incidence 
[%) (%) (%) 
2 0 7 
2 0 0 
2 0 3 
2 0 4 
2 0 4 
4 1 5 4 4 5 
1Source: Williams, Singh and Thakur, 1982. - 2Bassd on the 1981 IPMEN 
results of 10 locations in India.-3Based on 20 inoculated heads during the 1981 
rainy season at the ICRISAT Centre. - 4Based on the ICRISAT Centre 1981 
rainy season downy mildew nursery. 
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or uns tab le? ) . T h e m o s t satisfactory way of 
answer ing this ques t ion is to subject t h e vari-
et ies to mul t i locat ional tes t ing so t h a t t h e resis-
t ance is eva lua ted against m a n y popu la t ions of 
a par t icular p a t h o g e n under a wide r a n g e of 
env i ronmenta l condi t ions . Tes t locat ions in the 
centres of origin and diversity of a crop a r e pa r -
ticularly va luab le . I f these a re the cent res 
whe re the hos t a n d pa thogen h a v e co-evolved 
over a long p e r i o d , t h a t i s w h e r e t h e grea tes t 
r ange of pa thogen ic i ty can be expec ted . 
The International Pearl Millet Disease Re-
sistance Testing Programme ( I P M D R T P ) 
In 1976 t h e I n t e r n a t i o n a l P e a r l Mil le t D i s e a s e 
Res i s tance T e s t i n g P r o g r a m m e was in i t ia ted as 
a jo in t activity b e t w e e n scientists in na t iona l 
p r o g r a m m e s and I C R I S A T , to evalua te the sta-
bility of r e p o r t e d sources of disease res is tance 
and to begin to e x a m i n e the virulence of diverse 
popula t ions of t h e pa thogens of pearl millet. 
In te rna t iona l nurse r i e s have been dis t r ibuted 
to coopera t ing scient is ts in severa l Afr ican a n d 
Asian coun t r i e s annual ly for t h e purpose of 
identifying sou rces of s table res is tance to 
downy mi ldew, e r g o t , smut a n d rus t . 
Downy m i l d e w . Mul t i loca t ional test ing for 
downy mi ldew res is tance in pear l millet has 
been c o n d u c t e d coopera t ive ly with na t ional 
p r o g r a m m e staff in I nd i a a n d in several W e s t 
African coun t r i e s in t w o s tages . In t h e f i r s t 
s tage, a 150-ent ry P re - In t e rna t i ona l Pea r l Mil-
let D o w n y M i l d e w N u r s e r y ( P r e - I P M D M N ) 
was tes ted at a few key downy mildew "hot -
spot" locat ions in Ind i a and Wes t Africa. T h e 
best entr ies f rom t h e P r e - I P M D M N in one year 
were m o v e d fo rward in to the full I P M D M N t h e 
following yea r for tes t ing at many m o r e loca-
t ions. S o m e en t r i e s f rom W e s t Africa h a v e p e r -
formed wel l ac ros s seasons and locat ions 
t h r o u g h o u t t h e I P M D M N p r o g r a m m e , a l -
though t h e r e h a v e b e e n occasional occur-
rences of m o r e t h a n t e n pe rcen t downy mi ldew, 
general ly in W e s t Africa. T h e detailed results 
are avai lable in t h e repor ts of the P r e -
I P M D M N and I P M D M N , published annual ly 
b y I C R I S A T . T h e evidence indicates t h a t s o m e 
W e s t Afr ican l ines multiplied for several g e n e r -
a t ions a t t h e I C R I S A T Cen t re in Ind ia h a v e lost 
t h e or iginal h igh level of resistance expe r i enced 
in W e s t Africa. 
W i d e differences in the downy mildew sever -
ity va lues a m o n g locations have been obse rved 
for severa l en t r i e s , not only be tween Ind i a a n d 
Afr ica , b u t a lso among locations in W e s t 
Afr ica . T h i s indica ted the probabi l i ty of var ia-
t ion in pa thogenic i ty a m o n g p o p u l a t i o n s of 
Sclerospora graminicola. In 1978, t h e r e f o r e , an 
I n t e r n a t i o n a l Pea r l Millet D o w n y Mi ldew Dif-
ferent ia l Tr ia l ( I P M D M D T ) was ini t ia ted to 
e x a m i n e the validity of the a p p a r e n t differen-
tial r eac t ions of entr ies in previous yea r s a n d to 
identify po t en t i a l differential hos ts for fur ther 
s t udy of t h e pa thogen ic variability of th i s p a t h o -
gen . T h e tr ial confirmed earl ier r e su l t s a n d p r o -
v ided clear indications that cons iderab le 
p a t h o g e n i c variability exists within t h e p e a r l 
mil let- infect ing pa thotype of S. graminicola. 
T h e po ten t i a l differential host cul t ivars iden-
tified a re now being used for intensive inves-
t iga t ions in to pathogenic var iabi l i ty in S. 
graminicola a t the Universi ty of R e a d i n g , U K , 
w h e r e initial s tudies have conf i rmed ma jo r dif-
f e r e n c e s in pathogenici ty a m o n g isola tes (Bal l , 
1983) . 
E r g o t . T h e resistant lines identif ied from 
crosses a m o n g relatively less suscept ib le lines 
( T h a k u r , Wil l iams and R a o , 1982) w e r e tes ted 
a t s eve ra l locat ions in Ind ia a n d N i g e r i a in the 
1981 In t e rna t i ona l Pearl Mil le t E r g o t Nurse ry 
( I P M E N ) . T h e most resistant en t r i e s a t Indian 
l oca t i ons in this trial were five l ines from the 
c ross J-2238 x J-2210-2. In N i g e r i a , however , 
t h e s e l ines had much higher levels of e rgo t , and 
t h e bes t en t ry found there c a m e from a cross 
b e t w e e n two Nigerian l ines. O t h e r lines that 
h a d l i t t le o r n o ergot a t t h e I C R I S A T C e n t r e 
d e v e l o p e d m o r e ergot a t ce r t a in I n d i a n loca-
t i o n s , t h e reasons for which r e q u i r e investiga-
t i o n . P r o g e n i e s from o the r c rosses a r e being 
d e v e l o p e d in the I C R I S A T e rgo t resistance 
d e v e l o p m e n t project, which shou ld provide 
a d d i t i o n a l diversified ergot res i s tance sources 
in t h e n e a r future . 
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Smut . T h e In te rna t iona l Pear l Mil let S m u t 
Nursery ( I P M S N ) was initiated in 197S and 
test ing has been per formed annual ly . S o m e 
ent r ies have shown consistent res is tance to 
smut in Ind ia and in some locations in W e s t 
Africa (Wil l iams, Singh and T h a k u r , 1982). 
Rust. T h e lines identified as resis tant in the 
I C R I S A T screening p r o g r a m m e (Singh and 
Wil l iams, 197S) have been tested annual ly at 
several locat ions in India through a coopera t ive 
test ing n e t w o r k in the In ternat ional Pea r l Mil-
let Rus t Nurse ry ( I P M R N ) , which was f i r s t 
ini t ia ted in 1977. E igh t en t r ies have given resis-
tan t react ions at several locations in tes ts con-
ducted over a pe r iod of two to th ree years (Wil-
l iams, 1983). M o r e work is n e e d e d on resis-
t ance to this d i sease , with an evalua t ion of t h e 
variat ion in p a r a m e t e r s that will con t r ibu te to 
slow deve lopmen t of esodemics. 
Utilization of disease resistance 
T w o main b reed ing approaches are possible in 
pear l millet: (i) r ecu r ren t selection in breed ing 
popula t ions (often t e rmed composi tes) , which 
a re opera ted with a min imum a m o u n t of 
inbreeding (S1 p rogeny testing has been found 
to be the mos t effective m e t h o d , though also 
the most r e source consuming) ; and (ii) the con-
ventional p e d i g r e e system where variability 
genera ted in var ie ty crosses (or by muta t ion ) is 
separa ted into discrete lines by inbreeding . 
These two m e t h o d s have different conse-
quences for the na tu re of the genet ic resis tance 
most likely to be re ta ined after select ion. T w o 
types of end p roduc t a re used commercial ly: 
variet ies ( inc luding t radi t ional l and race va-
rieties) and single-cross hybrids. These also have 
consequences as to the type of genet ic control 
of resistance tha t can be most easily util ized. 
A variety m a y be defined as an in ter -mat ing 
popula t ion in equ i l ib r ium, which is the natura l 
genet ic s ta te for pear l millet, and for a given 
pa thogen it can conta in a number of resis tance 
genes , bo th ma jo r a n d mino r , and being dupli-
ca te or addi t ive in effect. D o m i n a n t or partially 
dominan t res is tances are easiest to man ipu l a t e 
in variety popu la t ions . N e w var ie t ies , if 
deve loped wi thou t serious levels of inbreed ing , 
will conta in all the genes present in t h e original 
popula t ion bu t in different f requencies , 
depend ing on the selection pressures appl ied . 
This has two effects: (i) varieties a re unl ikely to 
show total res is tance to a given popu la t ion of a 
pa thogen (bu t the level of resis tance expressed 
may be totally effective in providing economic 
con t ro l ) ; a n d (ii) t h e residual var ia t ion for resis-
tance can pe rmi t the variety popu la t ion to be 
reselected for resis tance to a new p a t h o g e n or 
o the r d i sease . 
Single-cross hybr ids a re an artificial s ta te for 
a c ross -breeding species such as pea r l mil le t , 
and the his tory of grain hybrids in Ind ia since 
1965 bea r s tes t imony to their vulnerabi l i ty to 
d i sease a n d relatively shor t life expec tancy . 
T h e posi t ive aspect of this his tory, h o w e v e r , is 
t ha t , a l though in use for only five years , hybr id 
H B 3 con t r ibu ted food worth t h o u s a n d s of mil-
lions of r u p e e s , and so has its r e p l a c e m e n t 
BJ104 . Th i s raises a ques t ion, of f u n d a m e n t a l 
cons idera t ion to all b reeders work ing with 
genet ic res is tance to pests and diseases , of h o w 
much res is tance is required for e c o n o m i c p r o -
tec t ion . Incorpora t ing resistance to pes t s and 
diseases is only o n e necessary aspect in the 
b r eed ing of new varieties or hybr ids wi th 
improved yield and quality. T h e r e is a view tha t 
i nco rpora t ing excessive levels of d i sease resis-
t ance , which a re out of p ropor t ion to the 
expec ted life of the hybrid in respec t to its o t h e r 
a t t r ibu tes , a m o u n t s to over-kill and a w a s t e of 
va luab le r e sea rch resources. T h e Ind i an hybr id 
H B 3 is ci ted as evidence suppor t ing this po in t . 
H o w e v e r , had i t not been for the d o w n y mi ldew 
susceptibil i ty of H B 3 it would p robab ly still be 
g rown t o d a y , as t h e yield levels of t h e cu r ren t ly 
used hybr ids a re in no way super ior . T h u s , the 
conver se view can also be s u p p o r t e d , t h a t if 
H B 3 had possessed stable and d u r a b l e d o w n y 
mi ldew res is tance , the massive u s e of r e sou rces 
to f ind r ep lacemen t s would no t h a v e b e e n 
n e e d e d . B r e e d e r s have found tha t us ing o n e 
res is tant p a r e n t in hybrid combina t ion is often 
sufficient to confer resistance in s ingle-cross 
hybr ids . I t r ema ins to be de t e rmined w h e t h e r 
this is a wise pract ice or whe the r the p r e s e n c e of 
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resis tance in bo th pa ren t s will p r o v i d e m o r e 
durab le res is tance. T h e r e is a d e b a t a b l e view 
held by many b reede r s tha t commerc ia l single-
cross hybrids in pea r l millet will n e e d to be 
replaced every f ive years or s o , for as p rog res s i s 
m a d e in b r e e d i n g this i s likely to h a p p e n for 
reasons of yield and quali ty as well as for 
changes in disease susceptibil i ty. 
D o w n y mi ldew. Ident i fying, d i s t r ibu t ing a n d 
utilizing s tab le d o w n y m i l d e w res i s tance has 
been a major goal of the I C R I S A T Pear l Mil let 
I m p r o v e m e n t P r o g r a m m e from its incept ion in 
1973. Whi le sources of res is tance have b e e n 
identified t h a t w e r e effective in b o t h Ind i a a n d 
W e s t Afr ica , i t has b e c o m e a p p a r e n t t h a t , d u r -
ing the utilization of such sources in Ind i a , resis-
tance to downy mi ldew in W e s t Africa has been 
progressively r educed . A g o o d e x a m p l e is p r o -
vided by t h e W o r l d C o m p o s i t e ( W C ) f rom 
Nigeria w h e r e i t exhibi ted g o o d res is tance to 
downy mildew (and o t h e r d i seases ) ; after selec-
tion in the I C R I S A T downy mildew nursery for 
several gene ra t ions , this compos i t e a n d va-
rieties m a d e from it cont inued to show excellent 
resistance to d o w n y mi ldew in I n d i a , b u t they 
showed de te r io ra t ing levels of res is tance when 
tested in Niger ia . T h e overal l conclusion has 
been tha t selection for d o w n y mildew resis-
tance for W e s t Afr ica has t o be c o n d u c t e d 
the re . Crosses b e w e e n l ines from Ind ia and 
Africa are sent as F 1 s or F 2 s for selection in the 
region of Africa w h e r e they a r e to be uti l ized. 
Though mos t ma te r i a l from Africa is res is tant 
to downy mi ldew in Ind i a , i t is u n a d a p t e d in 
other ways (excessive la teness and unba lanced 
tillering) and thus n e e d s reselect ion in India . 
Both b reed ing a p p r o a c h e s in pearl millet, as 
described previously , h a v e b e e n used in the 
I C R I S A T p r o g r a m m e to b r e e d for yield a n d 
downy mi ldew res i s t ance . T h i s p r o g r a m m e h a s 
put slightly m o r e effort in to b reed ing variet ies 
rather than hybr id p a r e n t s for two reasons : 
first, the g rea te r pa r t of t h e na t iona l effort in 
millet i m p r o v e m e n t in Ind i a was a l ready 
directed t o w a r d hybr id d e v e l o p m e n t ; s e c o n d , 
stable res is tance to d o w n y mi ldew was easier to 
obtain in improved var ie t i es , which also have 
higher levels of res is tance to ergot and smut . 
A l s o , var ie ty d e v e l o p m e n t w o r k has g r ea t e r 
r e levance to African needs . 
D u r i n g the format ion of the I C R I S A T base 
compos i tes in 1973-74, care was t aken to 
inc lude p a r e n t s of Niger ian origin, which con-
fe r red g o o d res is tance to d o w n y mi ldew 
because of the i r or igin. O t h e r composi tes w e r e 
de r ived f rom b reede r s ' popula t ions from the 
N i g e r , t h e U p p e r Vo l t a , Senegal and U g a n d a . 
Of t h e s e , popu la t ions from Senega l a n d 
U g a n d a initially conta ined insufficient resis-
t ance to d o w n y mildew in Ind ia , but this was 
rapidly increased through reselect ion in the 
I C R I S A T d o w n y mildew nursery (Wil l iams. 
1983). In o r d e r to select for inc reased d o w n y 
m i l d e w res i s tance in compos i tes , t h e m a t e r i a l i s 
e x p o s e d twice dur ing each select ion cycle. D u r -
ing the p r o g e n y testing phase o n e repl icat ion is 
g rown in t h e downy mildew nurse ry a n d the 
b e s t p l an t s selfed in all p rogen ies . S e e d f rom 
these p l a n t s ( n o t r emnan t s eed ) i s u sed to r e p -
r e sen t t h e selected progenies in the r ecombina -
tion g e n e r a t i o n , which is also grown in the 
d o w n y mi ldew nursery. Only disease-free 
p l a n t s a r e used in recombina t ion . T h i s process 
p e r m i t s se lect ion for downy mi ldew res is tance 
b e t w e e n and within progenies dur ing the test-
ing p h a s e and again during t h e r ecombina t ion 
s tage wi th in the selected p r o g e n i e s , which, 
b e c a u s e t hey w e r e previously selfed, con t inue 
to s eg rega te for resistance/susceptibil i ty. 
T h e p u r p o s e of deriving par t ia l and comple te 
i n b r e d s f rom variety crosses is t o : (i) identify 
annua l ly sets of useful lines f rom t h e F 3 to F 5 
g e n e r a t i o n s for distr ibution to c o o p e r a t o r s as a 
r o u t i n e supply of new variabi l i ty; (ii) use them 
as p a r e n t s to make synthetics; (iii) test t hem for 
u s e as hybr id paren ts . E a c h of t h e s e objectives 
r equ i r e s t h a t the lines be s c r e e n e d for downy 
m i l d e w res is tance, once or twice for objectives 
(i) a n d ( i i) b u t repeatedly for objec t ive (iii). It is 
in this last case , where lines s h o w tha t they are 
p o t e n t i a l male-sterile m a i n t a i n e r s , that the 
d o w n y mi ldew nursery is m o s t in tensively used 
d u r i n g b reed ing , since all t h e gene ra t ions of 
s e l ec t ion and backcrossing, up to t h e fifth o r 
s ixth backc ross , are grown exclusively in the 
d o w n y mi ldew nursery. D u r i n g the develop-
m e n t of several new male -s te r i l e lines and 
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T A B L E 4 . S u m m a r y o f e r g o t r e a c t i o n s o f t e s t c r o s s e s 
u s i n g e r g o t - r e s i s t a n t (ER) F 5 l i n e s o n t h r e e m a l e - s t e r i l e 




5 0 5 4 A 
5 1 4 1 A 
No of F1 
hybrids 
1 8 9 
2 1 6 
237 





ER F5 lines F1 hybrids 
< 1 - 2 0 6 3 - 8 S 
< 1 - 2 0 84-9S 
< 1 - 2 0 6 5 - 9 2 
1 S o u r c e : R.P. Thakur et al., unpubl ished data. - 2 Mean of 10-30 inoculated 
heads, - 3 E r g o t severity range of 30 ER F5 l ines used in test crosses. 
evaluat ion of existing male-steri le lines and 
their i sogenic ma in t a ine r s , ev idence was 
ga the red to show t h a t the Al cytoplasm (as car-
ried by Tift 2 3 A , t h e female p a r e n t o f H B 3 ) 
does not con t r ibu t e to downy mi ldew suscepti-
bility ( K u m a r et al., unpubl i shed da ta ) . 
Ergot. E r g o t is p reva len t in both India and 
Africa, t h o u g h the pol len- in ter ference 
p h e n o m e n o n is usually sufficient to p rov ide 
protect ion in var ie t ies . H o w e v e r , heavy e rgo t 
at tacks can be induced in varieties by unusual ly 
humid w e a t h e r condi t ions , abnormal sowing 
( and h e n c e f lowering) da tes or the p resence of 
some earl ier-f lowering susceptible geno type 
(such as a h y b r i d ) . Hybr ids p roduced us ing 
cytoplasmic m a l e sterility a re general ly highly 
susceptible to e r g o t , and it is in these that resis-
tance is urgent ly n e e d e d . Condi t ions for e rgo t 
at tack seem to be m o r e favourable in m a n y 
African coun t r i e s , and i t may not be possible to 
use hybr ids t h e r e for this reason until effective 
levels of res is tance to ergot are bred into hybr id 
pa ren t s . 
T h e work r equ i r ed to genera te ergot-resis-
tant lines and the results of crosses b e t w e e n 
these l ines a n d suscept ib le seed pa ren t s p r o v i d e 
evidence on the inher i t ance of ergot res is tance 
and how i t should be uti l ized. T h e fact that high 
levels of r e s i s t ance could no t be found in any 
germ-plasm source and could only be ob t a ined 
from crosses b e t w e e n lines with m o d e r a t e resis-
tance indica tes invo lvement of several genes . 
Crosses b e t w e e n ergot-res is tant lines and sus-
cept ible male-s te r i le lines have given totally 
susceptible hybr ids (see T a b l e 4 ) , indicat ing 
that res is tance is recessive and /o r possibly that 
male-steri le cytoplasm is connec ted with sus-
ceptibil i ty. Crosses be tween different lines with 
high levels of e rgo t resis tance p r o d u c e d F1 gen-
era t ions that w e r e not all as resis tant as the 
p a r e n t s , indicat ing tha t res is tance is control led 
by at least severa l genes with addi t ive effects. 
Similarly, synthet ics m a d e from intercrossing 
several sources of res is tance showed m o d e r a t e 
res is tance, and the inclusion of any suscept ible 
pa ren t lines suppressed res is tance (see T a b l e 
5 ) . T h e implicat ion is tha t to obta in ergot-resis-
tant hybr ids , res i s tance , preferably from the 
s ame source , will be n e e d e d in bo th pa ren t s of 
the hybr id . A project to achieve this has been 
init iated a t I C R I S A T , using two c o m m o n male-
ster i le l ines a n d several des i rab le pol len 
pa ren t s . T h e ergot-res is tant synthet ics can 
p robab ly be improved rap id ly , bo th for yield 
and res is tance , t h rough t h e u s e o f an ergot-
resis tant inbred tes ter . 
Crosses m a d e to compare the effects of 
cytoplasm on e rgo t susceptibility p rov ide some 
indicat ion tha t male-ster i le cy toplasm may be 
associated with susceptibil i ty, bu t this observa-
tion n e e d s fur ther test ing. 
Smut. T h e fact that lines with high levels of 
res is tance have been ob ta ined from a range of 
backg rounds , including b r eed ing ma te r i a l , by 
selfing and selecting u n d e r disease p re s su re is 
T A B L E 5 . E r g o t r e a c t i o n s o f t h r e e s y n t h e t i c s 
m a d e f r o m e r g o t - r e s i s t a n t F 5 l i n e s a n d o n e f r o m a 
m i x t u r e o f e r g o t - r e s i s t a n t a n d s u s c e p t i b l e l i n e s 1 
Synthetic(x)2 
I C M S 8 0 3 1 ( 5 ) 
I C M S 8 0 3 2 ( 6 ) 
I C M S 8 0 3 4 ( 5 ) 
I C M S 8 1 0 2 ( 5 ) 4 
W C - C 7 5 ( v a r i e t y c h e c k ) 
B J - 1 0 4 ( h y b r i d c h e c k ) 








R a n g e 
5 - 3 0 
5 - 4 0 
5 - 3 5 
1 - 1 0 0 
1 0 - 5 0 
2 5 - 8 0 
1 S o u r c e : R.P.Thakur and S.B. Chavan, unpublished data. - ' N u m b e r of 
lines used in constituting the synthetics. - 3 M e a n of 10-20 open inoculated 
heads . - 4Synthetic made from two ergot-resistant and three susceptible 
lines. 
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promis ing for t h e p rospec t s of ut i l izat ion. In 
susceptible x res is tant test crosses a r ange of 
susceptibilities o c c u r r e d , indicat ing t h a t resis-
tance may be part ia l ly d o m i n a n t (for highly 
resistant hybr ids , howeve r , i t is likely t h a t bo th 
paren t s will n e e d g o o d levels of r e s i s t ance) , a n d 
crosses b e t w e e n res is tant l ines a re highly resis-
tant . 
T h e recovery o f s m u t res is tance in p rogen ie s 
of crosses b e t w e e n agronomical ly el i te , b u t sus-
cept ible , lines a n d smut- res is tant pa ren t s has 
proved relat ively easy c o m p a r e d with e rgo t , 
and by the F 5 gene ra t ion m o r e than 50 pe rcen t 
of the lines r e t a ined after selecting u n d e r inocu-
lat ion i n the F 2 t o F 4 gene ra t ions r e c o r d e d s m u t 
severities of less t han 10 pe rcen t (see T a b l e 6 ) . 
In the process of crossing smut res is tance in to 
a B l ine, 30 F4 p r o g e n i e s de r ived from t h e ini-
tial cross b e t w e e n t h e B l ine and the smut resis-
tance source w e r e test c rossed on to an A l ine. 
Of the test c rosses , 14 w e r e male-fert i le and 16 
were male-s ter i le . T h e m e m b e r s of the male-
sterile g r o u p w e r e statistically m o r e suscept ible 
than t h e male-fer t i le g r o u p (see T a b l e 7 ) , indi-
cating tha t pol l inat ion r educes smut severity. 
Since good s m u t res is tance had been iden-
tified f rom a var ie ty of backg rounds , a smut -
resistant compos i t e (SRC) was formed in 1978 
using 37 low-suscept ib le pa r en t s . W h e n 562 
half-sib p r o g e n y w e r e t e s t e d in 1980, near ly 80 
percent w e r e found to have smut severit ies of 
less t han 10 pe rcen t . F r o m the best 117 half-sib 
T A B L E 6 . S m u t r e a c t i o n s o f 9 5 F 5 p r o g e n y d e r i v e d 
f r o m a c r o s s b e t w e e n s m u t - s u s c e p t i b l e a n d s m u t -






2 1 - 3 0 
3 1 - 4 0 
41 -50 
5 1 - 6 0 
6 1 - 7 0 




















1 Source: R.P.Thakur and K .N .Ra i unpubl ished data. - 2 M e a n of 10 inoculated, 
bagged heads. 
T A B L E 7 . M a l e s t e r i l i t y a n d s m u t s e v e r i t y ( % ) i n 3 0 
t e s t c r o s s e s o n M S - 8 1 A u s i n g F 4 s i s t e r l i n e s a s p o l -
l i n a t o r s 1 
T e s t c r o s s s t a t u s 
F e r t i l e ( n = 1 4 ) 
S t e r i l e ( n = 1 6 ) 
Mean 2 Range 
3 3 . 6 1 6 - 6 2 
4 7 . 6 1 0 - S 8 
F ra t io 
( t r a n s f o r m e d data) 
3 4 . 3 4 
1 S o u r c e : K . A n a n d a n d R .P . Thakur. unpubl ished da ta . - 2 B a s e d on 10 inocu-
lated, bagged heads. - 3 I n d i c a t e s statistical significance at p < 0.05. 
famil ies , 244 S 2 l ines w e r e ex t rac ted a n d m o r e 
t h a n 50 p e r c e n t of these had less than 1 pe rcen t 
s m u t w h e n t e s ted a t Hissar in 1981 . T h e 54 best 
h a v e b e e n r ecombined to fo rm t h e C1 bulk , 
which r e p r e s e n t s the basis of a fur ther cycle of 
se lec t ion for yield and for res is tance to downy 
m i l d e w a n d smut . 
Multiple disease resistance. Large-sca le screen-
i n g fo r res i s tance to downy mi ldew, e rgo t and 
s m u t can be opera ted on the s a m e p lan t s by 
us ing t h e several screening t echn iques that 
h a v e b e e n deve loped . On ly t h o s e l ines showing 
accep tab le levels of downy mi ldew resis tance, 
which can be assessed by the t ime of f lowering, 
a r e i n o c u l a t e d with the e rgo t a n d s m u t pa tho -
gens . Sources of downy mildew plus ergot resis-
t a n c e a n d downy mildew plus s m u t resistance 
h a v e a l r eady been found, a n d severa l closely 
r e l a t e d l ines have b e e n identified with resis-
t a n c e to all th ree diseases (see T a b l e 3 ) . A dis-
ease - res i s t an t composi te will be f o r m e d when 
p a r e n t s with sufficient gene t ic diversi ty and 
e a c h carry ing multiple res is tance have been 
ident i f ied . 
Shibras. Shibra gene c o n t a m i n a t i o n can be 
e l i m i n a t e d by a process of i n b r e e d i n g for one 
g e n e r a t i o n , evaluating S1 p r o g e n y , and recom-
b in ing only the best 25 to 50 of t h e s e , which 
s h o w no sh ib ras , using r e m n a n t s e e d . Th i s pro-
cess has a double benefit as i t p e r m i t s positive 
se lec t ion to be made for o t h e r t r a i t s , particu-
lar ly yie ld and downy mi ldew res i s t ance . T h e 
n u m b e r of S1 progeny to be t e s t ed should be at 
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least 500, preferably in two repl ica t ions , bu t 
plots n e e d no t h a v e m o r e than a b o u t 50 p l an t s 
each. T h e s e S1 p rogeny a re best o b t a i n e d by 
selecting at least 800 super ior heads from sev-
eral well-grown fields of the variety to be 
improved. T h e s e a r e grown in the off-season in 
very small p lots (five to ten plants pe r p lo t ) and 
two o r t h r e e typical p lan t s a r e selfed in e a c h 
plot . At ha rves t , t he single best p lant from each 
plot i s se lec ted , a n d some plots may be re jec ted 
entirely. Af te r eva lua t ion of the S1 p r o g e n y , t h e 
recombina t ion of the 25-50 selected S1 p lan t s 
using r e m n a n t s e e d must be done in the off-sea-
son to avoid t h e p rocess of r econ tamina t ion 
from o ther fa rms and from wild species . 
Prospects for achieving durable disease 
resistance 
Stable res is tance can be identified t h r o u g h t h e 
process of mul t i loca t ional test ing. U n f o r t u -
nately , t he re is no necessary corre la t ion be-
tween s table res i s tance and durab le res i s tance . 
T h e only cer ta in way to identify du rab le resis-
tance is to g row a cultivar commercia l ly on a 
large scale ove r a long per iod . T h e r e a r e , h o w -
ever , certain fea tu res of the host pa thogen and 
pathosys tem t h a t e n a b l e some degree of p red i c -
tion of the possible durabil i ty of res is tance . 
W h e n a s t rong specific selection p re s su re is 
exer ted on a genet ical ly variable popu la t i on , 
the popu la t ion m o v e s in t h e direct ion of t h e 
selection p r e s s u r e . T h e int roduct ion of a dis-
ease-resis tant cul t ivar can exert a s t rong se lec-
tion pressure on a pa thogen popula t ion . T h u s , 
when cons ider ing the likely durabili ty of a new 
resistant cul t ivar , knowledge is needed as to the 
strength and specificity of the selection p re s -
su re , the variabil i ty of the pa thogen and t h e 
survival and dispersa l capabilities of novel 
pa thogen g e n o t y p e s . 
Selection pressure. A resistance mechan i sm 
conferred by t h e ac t ion of a single gene , which 
precludes the d e v e l o p m e n t of a pa thogen d u r -
ing or immed ia t e ly following initial pene t r a -
t ion, provides t h e s t rongest and most specific 
selection p r e s s u r e on a pa thogen popu la t ion . 
Res is tance confer red by the addi t ive action of 
several g e n e s , which r e t a r d the several p roces -
ses of infection, colonizat ion and t h e capacity 
to spo ru la t e , provides a much w e a k e r and less 
specific select ion pressure . T h u s , w h e n used 
against a highly var iable p a t h o g e n popu la t ion , 
single immuni ty genes are unlikely to be dura-
b le . R a t h e r , they will be l iable to s u d d e n 
" b r e a k d o w n " . Converse ly , res is tance confer-
red by the addi t ive action of severa l genes that 
control several aspects of p a t h o g e n deve lop-
m e n t and dispersal will not be subject to sudden 
" b r e a k d o w n " , and thus is m o r e likely to be dur -
able but may e r o d e gradual ly ove r a long 
pe r iod . 
Pathogen variability. Muta t ions to ove rcome 
specific res is tance genes occur at r a n d o m at a 
cer ta in low f requency in pa thogen popu la t ions . 
As the p roduc t ion of infective p ropagules 
increases , t h e probabi l i ty of a p r o p a g u l e tha t 
possesses the requ i red virulence gene encoun-
ter ing a res is tant p lant on which it will be 
selected also increases . W h e r e combina t ions of 
several res is tance genes confront the p a t h o g e n , 
its capaci ty for genet ic r ecombina t ion will be an 
impor t an t d e t e r m i n a n t of the speed of response 
to the select ion pressure of the host res is tance. 
Survival and dispersal of novel pa thogen 
g e n o t y p e s . T h e epidemiology of a d isease has 
i m p o r t a n t implicat ions for the survival and dis-
persal of novel pa thogen genotypes and thus for 
t h e po ten t i a l durabil i ty o f r es i s t ance . W h e r e 
t h e r e is a distinct non-crop off-season, and the 
p ropagu les that ini t iate crop infection each year 
c o m e from a wild host reservoir , or w h e r e the 
initial i nocu lum blows in from a dis tant locat ion 
with an earl ier crop season and different vari-
e t i e s , t he re will be a low survival po ten t i a l for 
p a t h o t y p e s tha t are selected on the c rop . 
W h e r e the inoculum for one year ' s c rop is p ro -
vided by res t ing bodies or d o r m a n t myce l ium in 
debr is from the previous year ' s c r o p , t hen the 
probabi l i ty for survival of novel p a t h o g e n 
geno types is higher . T h e novel geno types of a 
p a t h o g e n tha t produces vast n u m b e r s of air-
b o r n e p r o p a g u l e s will be much m o r e rapidly 
d i spersed t han those of a pa thogen tha t is soil-
b o r n e a n d soi l - t ransmit ted. 
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It is a p p a r e n t t ha t , in o rder to predic t and 
develop s t rategies to ex tend the durabi l i ty of 
resistance of a par t icu lar host to a par t icular dis-
e a s e , a t h o r o u g h k n o w l e d g e is r equ i r ed of t h e 
na ture and genet ics of the res is tance, the varia-
bility po ten t i a l o f t h e p a t h o g e n a n d t h e 
epidemiology of t h e disease in the par t icular 
epidemiologica l un i t in which t h e res i s tan t cul-
tivar is to be commercia l ly used . 
T h e biology o f t h e four major pa thogens o f 
pearl mil let , S. graminicola, C. fusiformis, T. 
penicillariae a n d P. penniseti, indicates their 
p robable ability to be ab le to r e spond rapidly to 
specific s t rong select ion pressures ( N e n e and 
Singh, 1976; Singh and Wil l iams, 19S0; Wil -
l iams, 1983, 1984; M i c h e l m o r e , P a w a r and Wil -
l iams, 1982). T h u s , t h e n a t u r e and genetics of 
cultivar res is tance a r e likely to be impor t an t 
de te rminan t s of res i s tance durabil i ty. 
Nature and genetics of resistance 
Al though penn i se ta a re he rmaphrod i t i c , they 
show p r o n o u n c e d p r o t o g y n y , which leads to a 
normally high level of cross-poll ination (Rachie 
and M a j m u d a r , 1980) . T h u s , in l andrace cul-
tivars, in which t h e r e is r a n d o m cross-pollina-
t ion, cons iderab le gene t ic variability can occur 
among the p lants t h a t cons t i tu te a cultivar. This 
variability p r o b a b l y enab le s the crop to r educe 
the effects of specific s t ress factors, including 
plant pa thogens ( e . g . w h e n considering a cul-
tivar with five major-effect resis tance g e n e s , 
these f ive genes can occur in 31 different combi -
nat ions after severa l genera t ions of r a n d o m 
mat ing , with the effect t h a t the cultivar behaves 
as a natural ly occu r r i ng mult i l ine) . 
F1 hybr ids , which a re p roduced primari ly 
th rough the c ross ing of t w o inbred lines, h a v e 
reduced h e t e r o g e n e i t y , which makes the hy-
brids more vulnerab le to disease epidemics than 
composi te cu l t ivars . T h e use of pollen from a 
he te rogeneous p o p u l a t i o n to create an F1 hy-
brid would p r o b a b l y be less likely to c rea te a 
d isease-vulnerable hybr id than the use of an 
inbred line as t h e m a l e p a r e n t . 
A recently sugges t ed strategy ( I C A R , 1982) 
is to use hybr id b l e n d s or mixtures to combine 
t h e yield advan t age of the hybrids with the 
g r ea t e r s t ress resistance shown by more 
h e t e r o g e n e o u s composi te cultivars. A tho r -
o u g h k n o w l e d g e of the genetics of res is tance 
will be n e e d e d for this strategy to be util ized 
efficiently. 
D o w n y mildew. A l though i t a p p e a r s tha t " p a r -
tial r e s i s t ance" to downy mildew is the n o r m in 
p e a r l mi l le t (because i t is unusual to find tes t 
l ines comple te ly free from the d i sease) , this 
d o e s n o t necessari ly mean tha t res is tance i s 
po lygen ic in individual plants as may be the 
case w i th a rust of a self-pollinated cerea l . 
B e c a u s e of the outcrossing n a t u r e of the crop 
a n d t h e sys temic na ture of the p a t h o g e n , indi-
v idual p l an t s a re generally scored on a qual i ta-
t ive basis ( they are either diseased or they are 
n o t ) , w h e r e a s the score for the who le line is 
g iven as a quant i ta t ive score . T h u s , 10 pe rcen t 
i nc idence d o e s no t m e a n t h a t all p lan t s w e r e 
d i seased wi th an average disease score of 10 
p e r c e n t ; i t m e a n s instead tha t o u t of 100 plants 
90 w e r e free from disease and only 10 were dis-
e a s e d . T h e 90 disease-free p lan t s m a y all pos-
sess t h e s a m e single immuni ty g e n e , or there 
m a y be several combinat ions of different 
i m m u n i t y genes , and/or they may possess sev-
e ra l addi t ive genes that slow down the pa tho-
gen so m u c h that disease does not develop . If 
t h e durabi l i ty of resistance is to be assessed, i t 
m u s t be k n o w n which of these s i tuat ions is act-
i n g for any resistant cultivar. T h e au thors are 
n o t a w a r e of any critical his topathological 
s tud ies on the nature of res is tance of downy 
m i l d e w in any pearl millet cu l t ivar . T h e r e a re , 
h o w e v e r , several repor ts of s tudies on the 
i n h e r i t a n c e of resistance ( A p p a d u r a i , P a r a m -
b a r a m a n i and Natarajan, 1975; Gill et al., 1975, 
1978 ; P e t h a n i , Kapoor a n d C h a n d r a , 1980) 
w i th s o m e w h a t conflicting and unc l ea r results. 
T h i s p r o b a b l y reflects t h e difficulties that exist 
in a t t e m p t i n g to study inher i t ance of resistance 
in hos t cultivars of an outcross ing c rop , when 
such cult ivars are generally ne i t he r completely 
res i s t an t nor completely suscept ible when 
inocu la t ion techniques tha t a r e less than 100 
p e r c e n t effective are used wi th p a t h o g e n popu-
la t ions undefined for pa thogen ic i ty . If inheri-
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tance s tudies a re to provide meaningful resul ts , 
ways mus t be found to ensure that the p lants 
used in the crosses a re definitely res is tant or 
suscept ible (suscept ible diseased p lan t s could 
be cured by t r e a t m e n t with metalaxyl fun-
gicides), inocula t ion procedures mus t be s tan-
dard ized a n d t h e isolates o f t h e p a t h o g e n 
should be defined and mainta ined in the asex-
ual s ta te . 
T h e r e is no d o u b t tha t if durab le res is tance is 
to be d e v e l o p e d , particularly t h rough the 
strategy of hybr id b lends , genes for res is tance 
will need to be identified and manipu la ted . T h e 
recent recogni t ion of a type of susceptibil i ty 
that p reven t s the deve lopmen t of e sodemics 
(Wil l iams, P a w a r and Singh, 1982) highlights 
the n e e d to cons ide r the type of susceptibi l i ty 
exhibi ted by test mater ia ls when an e x o d e m i c 
system of sc reen ing is employed . 
Ergot. Un t i l very recently the re w e r e no reli-
able sources of res is tance to ergot in pear l mil-
let, and thus the re a re no repor t s of specific 
studies on the n a t u r e and inher i tance of e rgo t 
resis tance in this c rop . H o w e v e r , quan t i t a t ive 
react ions in this disease a re obta ined on an indi-
vidual p lan t bas i s , so that o n e percent disease 
could indicate tha t all plants were diseased and 
that the ave rage severity per plant was o n e pe r -
cent . T h u s , wi th ergot , i t is unl ikely tha t 
immuni ty genes a re involved. In add i t ion , 
T h a k u r , Wil l iams and R a o (1982) conc luded 
tha t res is tance to e rgo t i s recessive a n d poly-
genically con t ro l l ed , on the basis of results 
ob ta ined whi le developing resis tant l ines. 
Such res is tance could be highly effective and 
would be expec ted to be durab le in F1 hybr ids , 
provided the resis tance genes are manipu la ted 
into both the male and female pa ren t s . 
Smut. In the only p a p e r found on t h e inheri-
tance of s m u t res is tance in pearl mil let , Y a d a v 
(1974) c o n c l u d e d tha t resis tance was con t ro l led 
by e i ther single- or double-gene act ion. This 
equivocal conclusion is probably the result of 
non-uni formi ty in react ion of the pa ren ta l 
mater ia l s imilar to that referred to in the sect ion 
on inher i t ance of resis tance to downy mi ldew. 
N o w tha t new s table sources of smut res is tance 
have been identified, further work is n e e d e d on 
the n a t u r e and genetics of resis tance to this dis-
ease , but the pa ren t plants used must be truly 
resis tant and suscept ib le , and effective stan-
dard ized inoculat ion techniques must be u sed . 
T h e occur rence of quant i ta t ive differences in 
susceptibil i ty on an individual p lan t bas i s a n d 
evidence of the m a n n e r in which res is tance 
levels can be raised within test lines suggest tha t 
smut res is tance is polygenically cont ro l led . Re-
search is n e e d e d to test this hypothesis . 
Rust. Observa t ions of the rust reac t ions of a 
large n u m b e r of pear l millet germ-plasm lines 
in sou the rn Ind ia ( R . J . Wil l iams, unpub l i shed 
da t a ) indicated that several res is tance m e c h -
an i sms p r o b a b l y occur . L a r g e differences 
in pus tu le intensi ty and pustule size and a p p e a r -
ance w e r e seen and necrot ic flecking, cha rac -
terist ic of hypersensi t ive reac t ions , w a s also 
obse rved . A grea t deal of careful r e sea rch is 
n e e d e d bo th to subs tant ia te these hypo the se s 
and to utilize the mos t appropr ia te charac te rs in 
a disease res is tance breed ing p r o g r a m m e . 
Priorities for future research 
Pear l millet has a rich and diverse ge rm-p l a sm 
which the au thors firmly believe conta ins all the 
res is tance genes needed to breed pest- and dis-
ease- res i s tan t cult ivars in this c r o p . G e r m -
plasm has to be collected and eva lua ted in an 
intell igently directed m a n n e r , utilizing acces-
sions from regions where high select ion p re s -
sures for the necessary charac ters a re likely to 
h a v e occu r r ed . T h e breed ing system of pea r l 
millet and its relatively short du ra t ion indica te 
t h a t r ap id advances can be m a d e in b r e e d i n g . 
F o r d iseases , the major work n e e d e d is in 
eva lua t ion of the na ture and inhe r i t ance of the 
identif ied res is tances , and this k n o w l e d g e m u s t 
be used in the deve lopment of s t ra teg ies to 
increase res is tance durabil i ty. T h e possibil i ty of 
p r e s e n t i n g complex mult iple bar r ie rs t o p a t h o -
gens ( e .g . the combinat ion of polygenic resis-
t ance and systemic seed-applied fungicides for 
d o w n y mi ldew control ) requires inves t iga t ion . 
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For insect pes t s , addi t ional survey w o r k must 
be u n d e r t a k e n and major research conduc ted 
on the d e v e l o p m e n t and use of effective, m e a n -
ingful resis tance screening t echn iques . T h e r e 
will be a n e e d for a c lea r u n d e r s t a n d i n g of t h e 
bionomics of the i m p o r t a n t insect pests and t h e 
evaluat ion of in tegra ted control s t ra tegies using 
combina t ions of hos t -p lan t res i s tance , cul tural 
control m e t h o d s and possibly pes t ic ide sprays , 
dusts and granules . 
For w i t chweed , the mos t i m p o r t a n t re-
search a r ea c o n c e r n s t h e d e v e l o p m e n t of a reli-
able resistance sc reen ing t echn ique and its use 
to identify and d e v e l o p witch weed-res is tan t 
cult ivars. 
A solut ion to t h e shibra p r o b l e m in Sahel ian 
Africa should be p u r s u e d by a combina t ion of 
cultural pract ices a n d plant b r e e d i n g . 
In Africa i t is i m p o r t a n t t h a t pea r l mil le t 
improvement p r o g r a m m e s util ize the locally 
resistant cul t ivars as t h e basis for c r o p improve -
m e n t , since exo t ic , so-cal led el i te , improved 
millets deve loped in Ind ia or the U n i t e d States 
are generally highly suscept ible in Africa to the 
local strains of p a t h o g e n s and pes ts , part icu-
larly in par ts of Wes t Afr ica . F lower ing t ime , as 
de te rmined by p lan t ing d a t e , geno type matu -
ri ty class and /or d e g r e e of p h o t o p e r i o d sensitiv-
ity, is a critical factor in the severi ty of inflores-
cence pests and d i seases . 
Regional research needs . I t is apparen t from 
the references ci ted in this article that most of 
the publ ished r e sea r ch on pear l millet diseases 
and pests has b e e n ca r r i ed ou t in India . T h e 
c rop , however , is g rown on a larger area in 
Africa than in I n d i a a n d t h e germ-plasm in 
West Africa a p p e a r s to be a r icher source of dis-
ease resis tance t han ge rm-p lasm collected in 
India. T h e r e a r e ind ica t ions that the popula -
tions of the p a t h o g e n s in W e s t Africa are m o r e 
virulent than those in India and the insect pes ts , 
w e e d and bird p rob l ems in Africa are different 
from those f o u n d in India . This all points to the 
fact that much m o r e research is needed on pearl 
mil le t d iseases a n d pests in Africa. T h e e s t ab -
l i shment of the I C R I S A T Sahelian C e n t r e nea r 
N i a m e y is a s t e p in the right d i rect ion, bu t rapid 
significant p rogress is unlikely to occur unless 
the diseases and pests of this c rop are s tudied by 
well-qualified staff within national p rogrammes . 
T ra in ing and motivat ion of local scientists 
to w o r k on t h e diseases and pests of pea r l millet 
a re obviously high priority needs . A n e t w o r k of 
c o o p e r a t i n g cen t r e s should be se t up to identify 
and utilize host -plant resistance in the African 
con t inen t . T h e y should be staffed by well-
t r a ined p lan t pathologis ts , en tomologis t s and 
p lan t b r e e d e r s , who will need to be p rov ided 
wi th the necessary resources to screen for and 
ut i l ize sources of disease and pes t res is tance 
effectively. 
In Ind i a , a l though a cons iderab le effort is 
d i r ec ted toward research on p e a r l mil le t dis-
eases , the resources p rov ided a re often less 
t han a d e q u a t e . T h e research cen t res selected to 
carry ou t re l iable resistance sc reen ing must be 
p rov ided with staff that is n o t frequently 
c h a n g e d , i rr igat ion equ ipmen t t h a t will no t be 
d e p e n d e n t on erratic rainfall, and a plentiful 
supply of mater ia l s , such as selfing-bags mark-
ing p e n s , seed storage boxes , fuel for water 
p u m p s and vehicles, and so on . 
T h e s tage is set for rapid advances in the abil-
ity to con t ro l pearl millet d iseases and pests 
t h r o u g h the use of host-plant res i s tance . T h e 
p a c e a t which progress will be m a d e d e p e n d s on 
t h e h u m a n a n d material r e sources t h a t nat ional 
p r o g r a m m e s devote to the r e sea rch areas 
h ighl ighted in this review and t h e degree of 
c o o p e r a t i v e activities a m o n g na t iona l pro-
g r a m m e s . 
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